The aim of this study was not only to determine the red blood cells parameters, thrombocyte and leukocyte counts in farmed Brycon amazonicus (matrinxã), to compare these parameters among Bryconinae species from literature, and also to investigate the presence of special granulocytic cells in these fish. The results of the blood cells parameters here established for farmed B. amazonicus, a species of great economic importance in Brazilian aquaculture, could help a better understanding of the blood features in natural populations of this Amazon species. Blood parameters varied between Bryconinae species investigated, mainly the red blood cell counts, hemoglobin, hematocrit and mean corpuscular volume (MCV). The presence of the blood granulocytes, neutrophils and heterophils in matrinxã suggest that both leukocytes can be a characteristic for Bryconinae family. Furthermore, it indicates that the existence of special granulocytic cells in the blood of Bryconinae species from literature is an artifact, and this was herein discussed.
INTRODUCTION
Some fish species of the Bryconinae subfamily and Characidae family are of great economic interest due to its fast growth and low mortality rates, good breeding performance and better resistance to parasitic diseases. Among these Bryconinae species is the matrinxã Brycon amazonicus Spix and Agassiz, 1829, which in recent review (Lima, 2003) regarding Bryconinae, this species has been reported to belong to Brazilian Amazon Rivers and Colombia, Venezuela and Guiana, in the basins from Orinoco and Essequibo Rivers. However, B. cephalus (=B. Siebenthalae) is found only in upper Amazon River basin in Peru and Bolivia, while the B. insignis is found in River Paraíba do Sul basin. Therefore, this important taxonomic review finished with a hindrance that hindered studies of comparison of blood features among Bryconinae species from literature.
Studies of blood parameters have been carried out to either determine the systematic relationship among certain species or for the knowledge of their physiology (Pavlidis et al., 2007) . The hematological profile of a fish population could indicate its physiological status and health and in this way hematology combined with other routine diagnostic methods could be used to identify and assess conditions that cause stress to the fish and, consequently, disease (Tavares- Dias and Moraes, 2004; Tavares-Dias and Moraes, 2006a; Tavares-Dias and Moraes, 2007; Pavlidis et al., 2007) . Red blood cell parameters can be used for the diagnosis of anemia while the leukocytes, the primary line of immunological defense, provide an important representation of defense cells throughout the body (Tavares- Dias and Moraes, 2004; Tavares-Dias and Moraes, 2007; Affonso et al., 2007; Pavlidis et al., 2007) . Thus, one of the most elementary ways to assess the immune system is to explore changes in the number or appearance of fish circulating white blood cells (WBC).
Despite fish hematology continues to offer a potential valuable tool, the progress to establish blood parameters is slow and literature on this subject is isolated and often incomplete (Kori-Siakpere et al., 2005) . Studies of blood parameters were carried out in some Bryconinae species such as Brycon sp. (Ranzani-Paiva, 1991; 1996) , which can be the B. insignis (for more details, see Lima, 2003) besides Brycon hilarri (Tavares-Dias et al., 2003) , B. amazonicus (Tavares-Dias et al., 1999 , 2003 Affonso et al., 2007) and B. orbignyanus (Tavares-Dias and Moraes, 2006a) . However, no comparison study for hematological parameters among Bryconinae species has been reported, until the present moment.
Piscine leukocytes, particularly granulocytes of Bryconinae, have been controversial. In Brycon insignis (Ranzani-Paiva, 1996) and B. amazonicus (Tavares-Dias et al., 1999) lymphocytes, monocytes, neutrophils, and an granulocyte known in the literature as a special granulocytic cells (SGC) or PAS-positive granular leukocyte (PAS-GL) has been reported. In other studies regarding leukocytes of B. amazonicus (Carneiro et al., 2002; Tavares-Dias et al., 2003) were found only lymphocytes, monocytes and neutrophils, while in B. hilarri (Tavares-Dias et al., 2003) were found lymphocytes, monocytes, neutrophils and also eosinophils. In all these studies the granulocytes presented similar morphological features when stained with May Grünvald-Giemsa, a Romanowsky-type staining. However, in B. cephalus (Arévalo and Castellano, 2003) and B. orbignyanus (Tavares- Dias and Moraes, 2006a, b) besides lymphocytes, monocytes and neutrophils, heterophils also has been reported, but only B. cephalus presented blood eosinophils. Affonso et al.(2007) who investigated the physiological effects of the high vitamin C levels in the diet of B. amazonicus, also found lymphocytes, monocytes, neutrophils and heterophils stained with a combination of May Grünvald-Giemsa-Wright, another Romanowsky-type staining.
These studies indicate that despite of the ease determination of the leukocyte type this can be hampered by difficulties in classifying certain types of granulocytes. In the fish circulating blood besides mature cells there are also blastic cells and maturing cells of particular development lineages (Tavares- Dias and Moraes, 2004; Tavares-Dias and Barcellos 2005; Tavares-Dias, 2006; Tavares-Dias and Moraes, 2007) . Thus, this inconsistency in cell nomenclature and appearance has lead to confusion regarding the identity of some cells in Bryconinae species. Therefore, this study was carried out to report hematological parameters of B. amazonicus in addition to compare them to others Bryconinae species from literature. Furthermore, it was investigated if the presence of special granulocytic cells in blood smears of this specie is a fact or artifact.
MATERIALS AND METHODS

FISh MAINTENANCE AND ExPERIMENT
Brycon amazonicus juveniles (28.1± 6.5 g and 13.0 ± 1.4 cm), originating from the same spawning, were distributed in a 216 m 2 excavated pond, at a stocking rate of 1 fish/m 2 , at the Aquaculture Department/INPA, AM, Brazil. The fish were fed with pelleted diets containing 28% crude protein.
After 82 days-old, blood samples were collected from 25 fish in order to investigate the hematological parameters.
Water quality was daily monitored throughout the experiment. During the experiment, fish were observed for any clinical signs of diseases, including lack of appetite, increased opercular movements or visible lesions on the skin, tail and fins. Thus, no fish with signs of disease or parasites were used.
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BLOOD SAMPLE COLLECTION AND ANALySIS
Blood samples were drawn from the caudal vein using syringes containing the 10%-EDTA. These procedures were carried out within 0.8-1.2 minutes to minimise stress. Determination of red blood cells count (RBC) was performed using Neubauer hemocytometer, following the dilution in a solution of citrate-formol and toluidine blue stain (38 g sodium citrate, 20 mL formalin (37 %), 0.2 g toluidine blue, 1000 mL distilled water) as described by Oliveira et al. (2008) . Hematocrit (Hct) was determined by microhematocrit centrifugation and hemoglobin concentration (Hb) by cyanomethemoglobin method. Mean cell volume (MCV) and cell hemoglobin concentration (MCHC) were calculated from the Ht, Hb and RBC. Blood smears were stained with a combination of May Grünvald-Giemsa-Wright (Tavares- Dias and Moraes, 2003) and used for counting total and differential total leukocytes and total thrombocyte (Tavares- Dias and Moraes, 2006a; . Differential WBC counts were performed by identifying 200 WBC in each blood smears.
RESULTS
Dissolved oxygen concentration (5.4 ± 1.1 mg/L), temperature (28± 2.0 o C), pH (7.2± 0.9) and electric conductivity (115.6± 2.2 µS/cm) did not show any statistical difference throughout the experiment. These values were within the limits considered to be suitable for production performance and health maintenance of tropical fish (Kubitza, 2003) .
The mean values and the ranges of the red blood cells parameters for B. amazonicus are shown in Table 1 . The MCV and MCHC are the parameters with higher variation in this species.
Lymphocytes ( Fig. 1) , monocytes ( Fig. 2) , thrombocytes ( Fig. 3 ), neutrophils and heterophils (Fig. 4) were found in B. amazonicus. They presented similar morphological features to leukocytes reported by Tavares- Dias et al. (1999) , for the same species, except heterophils, which was not identified by those authors. Heterophils are large and round cells, containing eosinophilic and basophilic granules randomly distributed in the cytoplasm, and the amount of granules depending on the degree of cell maturation. The few mature cells had most eosinophilic granules and a few basophilic granules. However, the total amount of eosinophilic and basophilic granules seems to increase during the maturation of the heterophil (Fig. 4-6 ).
Total thrombocyte counts varied from 12,870 to 54,990 µL and total leukocyte counts from 3,900 to 8,520 µL. Neutrophils and heterophils were the granulocytes found in B. amazonicus (Table 2) . Comparative study on hematological parameters of farmed matrinxã, Brycon amazonicus spix and agassiz, 1829 (Characidae: Bryconinae) with others Bryconinae species
DISCUSSION
Hematological parameters of various farmed fish species have been investigated aiming to establish baseline values (Ranzani-Paiva, 1991; Guijarro et al., 2003; Tavares-Dias and Moraes, 2004; Kori-Siakpere et al., 2005; Tavares-Dias and Moraes, 2007) , in addition to identify disturbances caused by parasitic infections (Tavares- Dias and Moares, 2004) . Interspecies variations in red blood cells parameters have been attribute to many internal and external factors (Tavares- Dias and Moraes, 2004; Tavares-Dias and Moraes, 2006a) such as the quality of the aquatic environment, season, sex, age, nutritional status, stress due to capture, handling and sampling procedures and water temperature (Ranzani-Paiva, 1991; Guijarro et al., 2003; Tavares-Dias and Moraes, 2004; Kori-Siakpere et al., 2005) . Thus, for B. amazonicus juvenile, red blood cell counts, hematocrit and hemoglobin values were lower than for fry B. amazonicus and for other Bryconinae species, yet, MCV was higher than for these fish (Table 3) . Additionally, these two B. amazonicus populations came from different habitats, probably explaining the difference in these parameters (Guijarro et al., 2003; Tavares-Dias and Moraes, 2004) .
A characteristic feature of fish is the wide physiological range of blood parameters and also the great individual variation (Tavares- Dias et al., 2003; Kori-Siakpere et al., 2005; Tavares-Dias and Moraes, 2007) , which has been attributed to factors such as genetic variation, nutritional status, sex, age, stress due to capture, handling and sampling procedures (Tavares- Dias and Moraes, 2004; Kori-Siakpere et al., 2005) . In B. amazonicus from the present study, among red blood cell parameters, the red blood cell counts, hemoglobin concentration and hematocrit have lower intraspecific variation. Similar findings were reported for B. orbignyanus (Tavares-Dias and Moraes, 2006a) and B. insignis (Ranzani-Paiva, 1991). However, for B. hilarii, the variation of hemoglobin, hematocrit and MCHC was low, due to the few samples used.
Mechanisms of specific immunity in fish, similarly to lower vertebrates, are significantly less developed and play markedly less important role than in birds or mammals (Stosik et al., 2001; Tavares-Dias et al., 2007) . In contrast, fish have non-specific resistance system, which plays the basic role in the organism defense against pathogenic and environmental factors (Stosik et al., 2001; Passantino et al., 2005) . Piscine thrombocytes represent a link between innate and adaptive immunity (Passantino et al., 2005) . Therefore, piscine thrombocytes function is not limited to aggregation, but also may involve a great potential for phagocytosis (Kolman et al., 2003; Tavares-Dias and Moraes, 2004; . In juveniles B. amazonicus there was intraspecific variation in total thrombocyte counts, and the values were similar to those in young B. orbignyanus ( Tavares (Table 4) . On the other hand, studies in B. amazonicus (Carneiro et al., 2002) and B. hilarii (Tavares-Dias et al., 2003) did not report the presence of heterophils, but only neutrophils. However, in present study, B. amazonicus neutrophils had typical granules while heterophils had eosinophilic-basophilic granules.
Fish heterophil have a variable staining of granules, which seem to depend on the species and/or cell maturity (Tavares- Dias and Barcellos, 2005; Tavares-Dias and Moraes, 2006b) , and this fact has been also observed here in B. amazonicus. In B. amazonicus, mature heterophil granules were identical to farmed B. orbignyanus described by Tavares-Dias and Moraes (2006b). However, it has been reported that in B. orbignyanus (Tavares-Dias and Moraes, 2006b), mature heterophil granules have few similarity to Hoplosternum litoralle (Tavares- Dias and Barcellos, 2005) , but in both species the heterophils showed both eosinophilic and basophilic properties. Thus, it is easy to believe that the eosinophils reported for B. hilarii (TavaresDias et al., 2003) and for B. cephalus (Arévalo and Castellano, 2003 ) may be immature heterophils, which presents few basophilic granules, as found here to B. amazonicus.
Fish leukocytes are involved in non-specific defense mechanisms (Tavares- Dias and Moraes, 2004; TavaresDias and Moraes, 2007; Pavlidis et al., 2007) . Monocytes/ macrophages and lymphocytes are involved in the immune response leading to the production of antibodies. Neutrophils are effector key cells in non-specific immunity, as they migrate into the infection site, to recognize, ingest and destroy many pathogens (Tavares- Dias and Moraes, 2004; Tavares-Dias, 2006; Tavares-Dias and Moraes, 2007; Pavlidis et al., 2007) . Heterophils and neutrophils have similar functions, but different morphological features (Tavares- Dias and Moraes, 2004) . Total leukocyte counts for B. amazonicus juveniles obtained here (13,324 ± 7677 µL) were smaller than for young B. orbignyanus (23,290 ± 7041 µL) (Tavares- Dias and Moraes, 2006a) , although has been used similar method for counting WBC, hence this indicates an interspecific variation. However, total leukocyte counts for B. amazonicus juveniles was higher than for juvenile B. amazonicus fed with a diet without complementary vitamin C (Abreu and Urbinati, 2006) , because a different method of count was used. Matrinxã B. amazonicus differential leukocytes count has shown few variations in relative number when compared to some Bryconinae species from literature (Table 4) . Differences in the WBC counts may be attributed to many factors, both biotic (such as age, season, maturity, pathogens) and abiotic (including water temperature, pH, dissolved oxygen content, sex or maturity stage) and in particular to stress (Tavares- Dias and Moraes, 2004; Tavares-Dias and Moraes, 2007; Pavlidis et al., 2007) . Therefore, the differences demonstrated in this study may be related to species, nutritional differences, and sex or maturity stage.
In B. orbignyanus (Tavares-Dias, 2006a, b) , as well as in B. amazonicus of present study, no special granulocytic cell was found. Nevertheless, neutrophils extremely fine granules were found following staining with May Grünvald-Giemsa-Wright stain. Therefore, the misidentification of special granulocytic cell in B. amazonicus and B. hilarii from literature (Table 4) can be due to failure in staining procedures of blood smears with May Grünvald-Giemsa stain, which makes a difficult cellular identification in some fish species. However, May Grünvald-Giemsa-Wright stain allows easy recognition of heterophils and neutrophils. Other authors, for example, Tavares- Dias and Barcellos (2005) and Pavlidis et al. (2007) , have also discussed misidentification founds resulting from the use of the May Grünvald-Giemsa stain.
In summary, for B. amazonicus juvenile, red blood cell counts, hematocrit and hemoglobin have presented differences when compared to B. amazonicus and other Bryconinae species from literature, which were discussed here. WBC parameters reported in this work suggests that the presence of granulocytes, neutrophil and heterophil, are characteristic to the Bryconinae species. These findings corroborate with the hypothesis from Pavlidis et al. (2007) , who stated that blood parameters studies might be used to determine the systematic relationship among certain fish species. Furthermore, leukocytes are the primary line of immunological defense, and in healthy B. amazonicus, lymphocytes and neutrophils were typically the most prevalent circulating leukocytes and therefore, these two granulocytes constitute the primary barrier of the immune system for this species. Hence, this immune function might be reflected by the lymphocytes and neutrophils counts, and then a lower number of these cells might result in a less efficient functioning of the immune system in B. amazonicus. However, further functional studies are necessary to better understand the participation of these granulocytes in immune system of this Bryconinae species, as well as to indicate any deviation caused by disturbances in their physiology. Blood parameters can be an important tool to measure the health status of B. amazonicus bred in intensive culture, assessing the effects of stress that can cause to parasitic infections in the population. 
